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Description 

GATE STRUCTURE WITH INDEPENDENTLY 
TAILORED VERTICAL DOPING PROFILE 

Cross Reference to Related Applications 

[0001] This is a divisional of U.S. Patent Application, Serial No. 
10/301,436, entitled "GATE STRUCUTRE WITH INDEPEN- 
DENTLY TAILORED VERTICAL DOPING PROFILE," filed 
November 21, 2002, which is incorporated herein by ref- 
erence. 
Background of Invention 

[0002] The present invention relates generally to semiconductor 
device processing and, more particularly, to a semicon- 
ductor transistor gate structure having an independently 
tailored vertical doping profile. 

[0003] Polycrystalline silicon (polysilicon or poly-Si) has become 
the preferred material for gate electrodes in MOSFET 
structures. In particular, polysilicon is advantageous over 
metal gate electrodes in that it can withstand much higher 
subsequent processing temperatures before eutectic tern- 



peratures are reached. In addition, polysilicon is readily 
deposited on bulk silicon or silicon dioxide (Si0 2 ) using 
low pressure chemical vapor deposition (LPCVD). 

[0004] state of the art MOSFET transistors are fabricated by de- 
positing a gate stack material over the gate oxide and 
substrate. Lithography and etch processes are used to de- 
fine the poly-Si gate structures, and both the gate struc- 
ture and silicon substrate are then thermally oxidized. 
Subsequently, source/drain (S/D) extensions and halos 
are implanted. Such implants are typically performed 
through the use of spacers in order to create a specific 
distance between the gate and the implanted junction. In 
certain instances, the S/D extensions for an NFET device 
will be implanted without spacers, while the S/D exten- 
sions for a PFET device will be implanted with spacers 
present. A thicker spacer is typically formed before the S/ 
D extensions have been implanted. Thereafter, deep S/D 
implants are then performed with the thicker spacers 
present. High temperature anneals are then performed in 
order to activate the junctions. 

[0005] As the drive toward integrating more active devices on a 
single integrated circuit necessitates the fabrication of in- 
creasingly small MOSFET structures, the resistance of the 



MOSFET gate becomes a limiting factor in device speed. 
Thus, it is beneficial to use materials with the lowest pos- 
sible sheet resistivities for making contact with the 
polysilicon gate structure. To this end, it is well known 
that refractory metal silicides may be readily formed on 
polysilicon MOSFET gate structures by using conventional 
sputtering, deposition, and annealing processes. The re- 
fractory metal silicides have relatively low sheet resistivi- 
ties after annealing, and also form low resistance ohmic 
contacts with commonly used interconnect metals. Ac- 
cordingly, once the junctions are activated by the high 
temperature anneal, both the S/D regions and the top 
portion of the gate are silicided. 
[0006] | n order to both sufficiently increase the poly-Si activation 
and minimize poly-Si depletion effects, the gate is doped 
at a relatively high dopant concentration. Unfortunately, 
when the gate is heavily doped, the high dopant concen- 
tration can also adversely affect silicidation on the gate, 
particularly as the gate line width decreases below the 0.1 
um threshold. Because proper silicide formation is integral 
in achieving low resistance gates (and therefore reduced 
signal propagation delay), it is also desirable to have a 
gate structure wherein the bottom portion of the gate is 



heavily doped to minimize the poly-Si depletion effects 
while, at the same time, the top portion of the gate is 
more lightly doped for proper silicide formation. However, 
with current device processing methods, even if a sepa- 
rate, lightly doped implant is performed for the top por- 
tion gate, the subsequent annealing process causes a re- 
distribution of the dopant within the gate, thereby result- 
ing in a relatively uniform vertical dopant concentration. 
Summary of Invention 

[0007] The foregoing discussed drawbacks and deficiencies of 

the prior art are overcome or alleviated by a gate structure 
for a semiconductor transistor. In an exemplary embodi- 
ment, the gate structure includes a lower polysilicon re- 
gion doped at a first dopant concentration and an upper 
polysilicon region doped at a second concentration, with 
the second concentration being different than the first 
concentration. A conductive barrier layer is disposed be- 
tween the lower and the upper polysilicon regions, 
wherein the conductive barrier layer prevents diffusion of 
impurities between the lower and the upper polysilicon 
regions. 

[0008] | n another aspect, a MOS transistor device includes a 
source diffusion region and a drain diffusion region. A 



gate stack structure disposed upon a gate dielectric, the 
gate stack structure further including a lower polysilicon 
region doped at a first dopant concentration, a conductive 
barrier layer disposed on the lower polysilicon region, and 
an upper polysilicon region disposed on the conductive 
barrier layer. The upper polysilicon region is doped at a 
second concentration that is different than the first con- 
centration, and wherein the conductive barrier layer pre- 
vents diffusion of impurities between the lower and the 
upper polysilicon regions. 
[0009] | n y e t another aspect, a method for forming a gate struc- 
ture for a semiconductor transistor includes forming a 
lower polysilicon region on a gate dielectric layer. The 
lower polysilicon region is implanted with a dopant at a 
first dopant concentration. Then, a conductive barrier 
layer is formed upon lower polysilicon region, and an up- 
per polysilicon region is formed upon the conductive bar- 
rier layer. The upper polysilicon region is implanted at a 
second dopant concentration, said second concentration 
being lower than said first concentration. 
Brief Description of Drawings 

[0010] Referring to the exemplary drawings wherein like ele- 
ments are numbered alike in the several Figures: 



[° 01 1 ] Figures 1-12 illustrate a sequence of exemplary process- 
ing steps that may be employed to form a gate structure 
for a MOS transistor device, the gate structure having an 
independently tailored vertical doping profile, in accor- 
dance with an embodiment of the invention. 
Detailed Description 

[0012] Disclosed herein is a gate structure for a MOS transistor 
device having improved gate activation characteristics and 
without degraded gate line resistance, wherein unwanted 
impurities are prevented from adversely affecting the gate 
characteristics of high performance MOS transistors. 
Briefly stated, the gate structure includes a lower polysili- 
con region and a upper polysilicon region separated from 
one another by a conductive diffusion barrier. The lower 
polysilicon region is doped at a first concentration that is 
substantially different (e.g., higher) than a second con- 
centration used in the doping of the upper polysilicon re- 
gion. 

[0013] The diffusion barrier thus allows for the independent ad- 
justment of the doping profile between the lower and up- 
per poly-Si regions of the gate, and further prevents dif- 
fusion of impurities between the upper and lower regions 
during annealing. Thereby, the silicidation problems 



caused by a high dopant concentration are alleviated in 
the upper region, without compromising gate activation 
through the higher dopant concentration in the lower re- 
gion. Accordingly, extension, source/drain, and/or halo 
implants may be optimized without any corresponding 
detrimental poly-Si depletion and dopant penetration 
problems. 

[0014] Referring generally now to the Figures, there is shown a 
sequence of exemplary process steps that may be em- 
ployed in the formation of the vertically tailored gate 
structure for MOS transistors. In Figure 1, a polysilicon 
(poly-Si) block 102 is initially defined upon a gate dielec- 
tric layer 104, (such as a gate oxide layer, for example) 
that is in turn formed upon a substrate 106. The substrate 
106 may be any suitable semiconductor substrate known 
to those skilled in the art, such as silicon substrate or a 
multi-layer silicon-on-insulator (SOI) substrate, with the 
gate dielectric layer 104 being formed thereupon. The 
gate dielectric layer 104 may be formed, for example, by 
oxidizing the substrate 106 or by deposition of an oxide 
layer upon the substrate 106. Then, a first layer of poly-Si 
is deposited, patterned and etched to form the poly-Si 
block 102, which will become part of the novel gate stack 



structure generally described above. 
[0015] Once the poly-Si block 102 is formed, a sacrificial layer 
(e.g., an oxide layer) 108 is deposited over the gate di- 
electric layer 104 and the poly-Si block 102, and is there- 
after planarized down to the top of the poly-Si block, as 
shown in Figure 2. Then, in Figure 3, the poly-Si block 
102 is recessed by selective etching to form the first layer 
of the gate structure, referred to hereinafter as a lower 
poly-Si region 110. At this point, a first ion implantation 
process for the lower poly-Si region 110 is executed, as 
illustrated in Figure 4, so as to provide the higher dopant 
concentration sufficient for gate activation and prevention 
of depletion effects. If the desired thickness of the lower 
poly-Si region 110 is relatively thin, the tail of the implant 
can extend into the channel. In such a case, the first ion 
implant may be done before the poly-Si block 102 is re- 
cessed. 

[0016] Suitable dopants include, but are not limited to, boron (B), 
phosphorous (P), arsenic (As), and BF 2 _ Depending on the 
particular dopant or combination of dopants, the concen- 
tration thereof will vary. However, an exemplary dopant 
concentration for the lower poly-Si region is about 1 x 10 2 
atoms/cm 3 . 



[0017] Figure 5 illustrates the formation of a conducting barrier 
layer 112 atop the oxide layer 108 and the lower poly-Si 
region 110. The conducting barrier layer 112, as dis- 
cussed later, will serve to prevent dopant diffusion (both 
poly-Si dopants and halo/extension implant dopants) be- 
tween upper and lower poly-Si regions. A metal such as 
tungsten nitride (WN) is a preferred material for barrier 
layer 112 due to its electrically conductive properties and 
its functionality as a barrier layer, and may be deposited 
atop oxide layer 108 and the lower poly-Si region 110 by 
chemical vapor deposition (CVD). Other suitable materials 
for the barrier layer include tantalum nitride (TaN), tita- 
nium nitride (TiN), tungsten silicon nitride (WSiN), tanta- 
lum silicon nitride (TaSiN), aluminum titanium nitride 
(AITiN), titanium silicide (TiSi), and quantum conductive 
semi-insulating barriers made from ultra-thin dielectrics 
(e.g., SiN or SiON), and combinations thereof. The forma- 
tion of the barrier layer 112 over the lower poly-Si region 
110 is implemented with a substantially uniform thickness 
so as to leave a recess 114 in which an upper poly-Si re- 
gion of the gate will be formed. 

[0018] Next, as shown in Figure 6, a second layer of poly-Si 116 
is deposited upon the first barrier layer 112 and then pla- 



narized down to the oxide layer 108, as shown in Figure 
7, to form an upper poly-Si region 118. The second layer 
of poly-Si 116 may be of the same conductivity type as 
that of the first poly-Si layer used to form the poly-Si 
block 102 of Figures 1 and 2. Alternatively, the second 
layer 116 may be of the opposite conductivity of the first 
poly-Si layer. In Figure 8, a second ion implantation pro- 
cess is shown, wherein the dopant concentration thereof 
is preferably less than the dopant concentration of the 
first implantation process, so as not to compromise the 
integrity of a subsequent silicide formation. Again, the 
particular implant concentration will depend upon the 
specific dopant used, but an exemplary concentration for 
the second layer 116 is on the order of about 3 x 10 20 
atoms/cm 3 . 

[0019] Referring now to Figure 9, the oxide layer 108 is removed 
by etching for the formation of the diffusion regions (i.e., 
source and drain regions) and for the extension and halo 
implants that are characteristic of MOS devices. In partic- 
ular, Figure 10 shows the extension implant regions 120 
and the angled implantation of halo implant regions 122. 
Then, in Figure 11, source/drain spacers 124 are defined 
in a conventional manner prior to the implantation of the 



source/drain diffusion regions 126. The device is then an- 
nealed at high temperature (e.g., from about 700EC to 
about 1300EC, and preferably from about 900EC to about 
1100EC) to activate the diffusion regions 126. 
[0020] D ue to the presence of the conductive barrier layer 112, 
there is no significant change in dopant concentration as 
between the high-dose, lower poly-Si region 108 and the 
low-dose, upper poly-Si region 118 during the anneal. In 
other words, without the presence of the barrier layer 
112, the anneal process would result in an equalization of 
the doping in the lower and upper poly-Si regions. More- 
over, any fluorine or carbon atoms implanted during the 
source/drain or extension/halo formation process will re- 
main in the upper poly-Si region 118 during the anneals. 
Therefore, a complete separation of dopants and impuri- 
ties between the top of the gate and bottom of the gate is 
achieved. 

[0021] Finally, Figure 12 illustrates the completion of the forma- 
tion of the gate structure, (denoted generally by 128) and 
MOS transistor 130 following a silicidation step in which 
silicide layers 132 are formed upon the source/drain dif- 
fusion region 120, as well as on the upper poly-Si region 
118 of the gate structure. Suitable materials for the sili- 



cide layers 132 include, but are not necessarily limited to, 
cobalt silicide (CoSi), titanium silicide (TiSi), and nickel 
silicide (NiSi). As a result of the relatively light dopant 
concentration in the upper poly-Si region 118, the diffi- 
culties in silicidation are avoided. 

[0022] As will be further appreciated, the above described gate 
structure is also applicable for a Si/SiGeC (upper/lower) 
poly-Si stack, in which the poly-Si depletion effects are 
further decreased since the solubility of dopants in SiGeC 
poly is higher. Accordingly, if SiGeC is used for the upper 
or lower poly region, it is preferably doped at a relatively 
high concentration in order to utilize the increase in solu- 
bility thereof, while the Si in the upper poly region should 
be doped more lightly to prevent silicidation problems. 

[0023] Another benefit of the disclosed gate structure stems 
from the fact that extension, source/drain, and/or halo 
implants that are also implanted into the gate can cause 
certain problems for MOS devices. In a PFET device, for 
example, the extension and source/drain implants may 
contain BF 2 since shallower junctions may be achieved 
therewith, as opposed to boron for the same thermal 
budget. On the other hand, the presence of fluorine in the 
gate further enhances the diffusion of dopants from the 



gate through the gate dielectric into the underlying chan- 
nel region. The extra dopant in the channel region is 
detrimental to high performance MOS devices, and espe- 
cially with ultra-thin oxides (e.g., <15 A) and high-k di- 
electrics that are currently being developed in the semi- 
conductor industry. 

[0024] However, with the conductive barrier layer of the above 

gate structure, the bottom of the gate should be protected 
from fluorine penetration through the gate dielectric. This 
also applies to the presence of a diffusion retarding 
species, such as carbon. In certain instances, it is desir- 
able to implant the source/drain and/or extension regions 
with a diffusion retarding species in order to obtain ultra- 
shallow junctions and ultra-sharp halos. But, if carbon is 
present in the lower region gate, the dopants are hindered 
from diffusing to the bottom of the gate, and thus the re- 
sulting poly depletion will be detrimental to the perfor- 
mance of the MOS device. Again, the conductive barrier 
layer serves to protect the lower poly-Si region of the gate 
from any diffusion retarding species. 

[0025] while the invention has been described with reference to a 
preferred embodiment or embodiments, it will be under- 
stood by those skilled in the art that various changes may 



be made and equivalents may be substituted for elements 
thereof without departing from the scope of the invention. 
In addition, many modifications may be made to adapt a 
particular situation or material to the teachings of the in- 
vention without departing from the essential scope 
thereof. Therefore, it is intended that the invention not be 
limited to the particular embodiment disclosed as the best 
mode contemplated for carrying out this invention, but 
that the invention will include all embodiments falling 
within the scope of the appended claims. 



